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Beverage Choices Affect Adequacy
of Children’s Nutrient Intakes

Carol Ballew, PhDD; 3arah Kuester, M5, RD; Cathleen Gillespic

Objactive: To assess the relationship berween bever-
age choices and the adequacy of nutrient intakes among
children and adolescents,

Daslgn: Reverages reported in 24-hour recall records
were classified as milk, 100% juice, [ruit-Navored drinks,
or carbonated sodas. Recommended intakes were based
on Recommended Dietary Allowances or Dictary Refer-
ence Intakes,

Particlpants: Four thousand seventy children aged 2
o 5, 6 to 11, and 12 wo 17 years participating in the
1594-96 Continuing Survey of Food Intakes by Indi-
viduals.

Statistical Analysis: The Hkelihood of achieving rec-
ommended intakes of selected nutrients on the day of re-
call was assessed with multiple logistic regression in-
cluding ounces of mille, juice, fruit-flavored drinks, and
carbonated sodas in the model while controlling for sex,

age in years, racefethnic group, househald income, and
total energy intake,

Results: Milk consumption was positively (P<.0001) as-
soctatesd with the likelihood of achieving recormmended
vitamin A, folate, vitamin By, calcium, and magnesium
imtakes in all Age SIrala. Juice :nmumpl_inn WS p-n-s.'i-
tively (P=.001) associated with achieving recom-
mended vitamin Cand folate intakes in all age stra and
magnesium intakes among children aged & years and
older. Carbonated soda consumption was negatively
(P=.01) associated with achieving vitamin A intake in
all age strana, calcium in children younger than 12 vears,
and magnesium in children aged & years and older.

Concluslon: Beverage choice can have a significant ef-
fect on the nutrient adequacy of the diets of children and
adolescents,
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ILE consumpiion

among children and

adolescents in the

United States de-

creased 215% to 30%
and the consumpaion of citrus juice de-
clined slightly between 1977-78 and 1994-
95,! while carbonated soda consum ption
increased 419 between 1989-01 and 1954-
95.% Investigators have aszerted than the
displacement of milk and juice with car-
bonated sodas in children's diets has a
negative effect on notritional quality,™*
Milk and juice are among the top sources
of vitamin A, vitamin C, B vitamins, vi-
min D, calclum, magnesivm, and phos-
phorus for children in e United States 32
The Interagency Board for Mutrition Moni-
toring in the United States has idenified
calclum a5 a nutrient of current public
health eencern, and witamin A, vitamin C,
folate, ¥itamin By, and magnesiom as nu-
trients of potential public health con-
cern.” We investigated interrelationships

among consumption of milk, juice, fruir-
Havored drinks, and carbonated sodas and
their association with the intakes of these
6 nutrients among children aged 2w 17
years in the 1994-96 Continuing Survey
of Food Intakes by Individuals (CSFID.#

— T —

BEVERAGE CONSUMPTION

The proporton of children drinking milk
om the day of recall was significantly higher
among parlicipants aged 2 to 5 years and
those aged 6 to 11 years than among 12
to 17 year-olds (Table 1). Among those
aged 12 o 17 years, the proportion drink-
ing milk was significantly higher among
boys than ameng girls. Hall of the partici-
panis aged 2 to 5 years drank julce on the
day of recall but only about one third of
children aged 6 years and older drank
juice. The propertion of children drink-
ing fruit-flavored drinks was higher among
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METHODS

FARTICIPANTS AND DATA COLLECTION

The Continuing Survey of Food Intakes by Individusls is
a nztinnally representative survey ol the noninstitutonal-
ized civilian population of the United Stanes. Detailed de-
scripaions of the sample and interview proceduares are avail-
able* Diet recall interviews were scheduled approoimaiely
equally on each day of the week and in each menth of the
year. A parent ar ather adul respended for children vounger
than & years: children between the ages af & and 11 YEAFS
responded with help from an adult; and children aged 12
viars and older respended independently, We exchsded chil-
dren with incemplete data (12.7%) and those who were il
on the day recalled (4.(F°6), This analysis is based cn 1800
children aged 2 1o 5 years, 1282 children sged & 1o 11 years,
arvd 588 children aged 12 to 17 years who provided a re-
call [':ur-in}' 1 af the survey. We do not have data on nurri-
ents derived [rom vitamin and mineral supplements, The
cata st anly indicates whether children teok supple-
ments but does not inclode informadon on the nutrient con-
rent af the supplemenis.

BEVERAGE CLASSIFICATION

All beverages reparted in the 24-hour recall were classified
&5 mblle, 106 lruil or vegetable juice, fnxc-Navared drinks
including those thas comtain part juice or added vitamins (al-
sl exclusively vitamin C at the tnse of the survey), car-
bomaned sodas, sportsdrinks, colfes and tea, ar alcoholic bev-
erages. Omby 7.3% of the servings of carbonated sodas were
described as diet or calorie-free 5o we did not distinguish be-
rwien regular and diet sodas. The e conwent ol regalar
cathomared sodas, 10076 juice, and 1% fag milk are similar,
abouz 100 ro 110 keal per B oz, Water consumed a5 2 bev-
erage was net recorded In the dictary recalls.

DEFINITION OF RECOMMENDED INTAKES
We used the most curment authoritative standard availahle

for cach nutrient. RBecommended intakes were defined as
the Recommicnded Dictary Allowance for viemin A and

vitamin C.* the Estimated Average Requirement for folate,
witamin By, and magnesinm, and the .‘L-d.:q'u.;l;n: Imiake far
calclum."™!! This reculis in a mixed set of criteria bt is con-
sistent with the recommendations of the Institete of Medi-
cine's Food and Murrithon Bosrd for dietary evalution dur-
ing the transition to the new Digary Reference Intakes, 240

STATISTICAL METHODS

W used the 34-heur recall records fram day 1 of the CHF11
sarvey, bost children pravided 2 days of recalll, but our -
tion, whether beverage chofoe on a given day affects the
likelihood of achieving recommended nuirient inakes an
that day, was appropriately addressed using a single day,
Using both days could Introduce a bias in the analy=is be-
cause while 2 days of recall from a given partcipamt were
nod independent, the nature of the correlation between days
coubd neat be gssumed 1o be the same for all participants.

We tabulated the comsumption af beverages and ex-
amined associations among ypes of beverages by rank or-
der cormelations. We used muliiple logistic regression Lo
cilculate the association betwesn beversge consumpiion
and the Hikelthood of achieving recommended inakes of
erwiriends o the day of recall while comtralling far total nu-
trient intake, sex, age in years within age siranam, race’
ethnie group {pon-Hispanic white, non-Hispanic Back,
Mexican American), and househeld income expressed as
the poverty income ratho (FIR). The PIR adjusts house-
hiold income for househald size and the cost of living ar
the time of the survey.® To determine wheiher our anahy-
sis was unduly influenced by the few children whe re-
parted very kigh consumption of various beverages, we ran
the mualiiple logistic regression analvses including and ex-
cluding children at ar beyond the 9%th percentile of con-
sumption of any beverage for age stratum and sex. The ad.
justed odds ratics (CR) from the models excluding autliers
did ot differ significantly from those including all chil-
dren.'* Omly models based an the whole sample are pre-
sented, Tecawse we performed muliple tests, we set the cri-
terion for statistical significance at P<2.01."* Analyses were
performed in SUDAAN (Research Triangle Institute, Re-
search Triangle Fark, MC), taking into account the sample
welghts and the stratified, multistage probabilicy struc-
ture of the sample'*

children aged 11 years and younger than among those aged
12 to 17 years. Seventy percent of the fmait-Aavored drinks
named contained cither part juice or added viamins (data
not shown). Carbonated soda consumption increased sig-
nificantly across age strata. Sporis drinks were reported
by 5% or fewer of children in any age stratum. Few chil-
dren younger than 12 years but one fifth of teenagers dmank
coffee or tea. Only 2 boys and 3 girls aged 12 1w 17 years
reported consuming aleoholic beverages,

Some children did not report consuming any of a
given beverage on the day of recall and some reporied
comsuming large volummes of some beverages (Talble 3.
To provide a reasonable estimate of portion size distri-
bution the range presented in Table 2 includes the non-
consumers of each beverage, but the median consump-
tion values include only those children who reported
consuming the beverage, The maximum reporied val-

ues are not implausible but they do eonfirm that some
children drank substantial amounts of certain bever-
ages, most sirikingly fruit-flavored drinks and carbon-
ated sodas among boys aged 12 1o 17 years,

Carbonated soda consumption was significantly
negatively correlated with both milk and julce consump-
tion in all age sirata (Table 3}, Fruit-flavored drink con-
sumpiion was significantly negatively correlated with milk
consumption among &- to 11-year-olds and with 100%
juice consumptlion among 2- to 5-year-olds. These cor-
relations were modest, accounting for only 10% 10 15%
of the variance in consumption of milk and juice, There
were no significant correlations berween milk and juice
COnSUMmMpLon in any age stratum. There were no signil-
cant correlations between either coffee and tea consump-
tion or alooholic beverage consumption and milk, juice,
or carbonated seda consumption (data not shown),
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* D3 ar fven 35 PATCARAON of childie ansuming sach beverage on M clay of el
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A groap differance batween 2 ko 5-year-oids and other 30 strals, P 0007,

$Ape groop Sitferencs Datween 12- i 17-e-olds and other age sats, P 0001,

LAV apa straly sspvilicantly difrest, P=001

1Age proun diffarence betwean 13- fp {Fpearoids and alfer 3oa sirala, P=. 0601,
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ASSOCIATIONS BETWEEN
BEVERAGE CONSUMFPTION
AND NUTRIENT INTAKE

The adjusted OR can be interpreted as the percentage of
change in the likelihood of achieving recomemended
mutrient intake on the day of recall associated with a
l-0z incTesse in the consumption of a given beverage,
controlling for the other beverage categories and for
sex, age in years within the age stratum, racefethnic
group, FIE, and wotal energy intake for the day
(Table &). For cxample, each ounce of milk consumed
by & 2- w0 S-year-ald increased the likelihood of achiev-
ing the recommended intake of vitamin A by 13%
(OR=1.13) and each ounce of ¢carbonated soda
decreased the likelihood by 3% (OR=097). Cofles and
tea, consumned primarily by 12- to 17-year-olds, was not
sigmificantly assoctated with the likelihood of achicv
recommended intakes of the nurients we considere
and did not interact with any of the other beverages in
the models; thus, we did not retain coffee and cea in the

analysis. Sports drinks and alcoholic beverages were
Fcp'l:lﬂtd h:r' fewr children in amy age group and were nod
included in the analysis.

Milk consumption was positively associated with the
likeliheod of achieving recommended vitamin A, folate,
vitamin By, calcium, and magnesium intakes on the day
of recall in all age strata. Juice consumplion was posi-
tvely associated with the likelihood of achieving recom-
mended vitamin C and folate intakes for all children and
achieving magnesium intake among children aped 6 years
and older, but was negatively associated with the likeli-
hood of achieving recommended vitamin By, intake among
13- 1o 17-year-olds. Fruit-flavared drink consumption was
positively associated with achieving recommended vita-
min C intake for all children, Carbonated soda consump-
tion was negatively associated with the likelikood of
achieving recommended vitamin A intake for all age strata,
vitamin C among - to S-year-olds, vitamin By for 6-
to 1l-year-olds, calcium for 2- to S-vear-olds and 6- o
11-year olds, and magnesium for & to 11-year-olds and
12- o 1 7-year-alds.
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In all medels, total daily energy intake was signifi-
cantly positively associated with the likelibood of achisy-
ing the recommended intakes of all nutrients (P=.001)
bt ethobe group and PIR were not (data notshown). The
association with energy intake is not attributable to sig-
nificant differences in the energy content of the bever-
ages included in the model. We interpret the positive as-
sociation berween energy and nutrient intake to mean
that children who eat and drink more [ood and bever-
ages of whatever kind have the opporiunity to consume
more nutrlents. Ethnic group was significantly associ-
ated with milk consumpion {non-Hispanic black chil-
dren drank less mill than other children, P=. 00017 and
PIR was associated with juice consumption (a signifi-
cant linear trend of higher juice consumption with higher
PIR, P=2.001) [dara not shown),

BE— COMMENT

In multivariate analysis, the lkelihood of achieving rec-
ommended intakes of most of the nutrients evalwaned
incTeased significantly with the consumption of milk
and 100% juice, and decreased significantly with the
consumption of carbonated sodas for children of all
ages. The likelihood of achieving recommended vitamin
C intake increased with the consumption of fruit-
Mavored drinks, consistent with a recent report that
[ruit-Mavored drinks containing less than 100% juice
previded 14% of the vitamin C intake for children in
the United States.® This is atributable to the part-juice
content or added vitamin C of many of the fruit-
Navored drinks. In our analysis, drinks containing
1090% juice contributed to folate and magnesium
intakes but frut-Navored drinks did not.

For a given nuirient, we compared the relative of-
fects of milk, juice, fmit-flavored drinks, and carbon-
ated sodas on the day of recall, For example, milk con-

sumption increased the likelihood of achieving
recommended calcium intake berween 25% and 37% per
ounce, depending on the age stratum (OR, 1.25-1.37).
Carbomnated socda consumption decreased the likelihood
by 3% to 3% per ounce (OR, 0.97-0.95). Although ihe
effect assoctated with an ounce of beverage consump-
tion may be small, it can be wranslated inwo the effect of
a median serving. For 2- to S-year-old girls, the median
serving of B oz of carbonated soda would decrease the
likelihood of achieving recommended calelum intake by
4% Substitating 8 oz of milk for the soda would in-
crease the likelihood by 296%, that is, almost 3 times.
Becanse the OFs were calculated separately for cach
nutrient and each age stratum, we cannot compare the
magnitude of the effect of a given beverage across nutri-
ents, We cannet assert, For example, that the 2% per ounce
decrease in likelthood of a.ﬂhl:Evi.nE recommended vita-

P, 001,
P07,
tP=00

" AjUEin for 2 40 i pear wilhin apa sieem, attei proun jnov-HEnam s, ned-Missask hlack Mexcan American|, povert-ineoms frd, and fnal
Anarjry intiohs. Parcact ey tha eeibaod of achisving Fecammanciad intbi associated Wil & 107 INGraass iy Davevaps consunphion. Odds @anios graatsr
it 1,00 incioate an increase in e Baihood, odde rafios less thas 100! 2 decreass by e aibood.

P, 0007,

7=,

§P=5. (.
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min A intake associated with carbonated soda is equiva-
lent to the 3% per ounce decrease for folate. Similarly,
we cannot direetly eompare the magnitude of the effects
across age strata, However, we can note that some pat-
terns of association are consistent across nutrients and
across age strata. Milk and 100% juice consumption were
positively assockated with the intake of most nuerienis
in mast age strata. In contrast, the association bebween
carbonated sada consumption and murient incakes was
less consistently signilicantly associated with nuirient in-
tzke across the age strata. It is also notable thar the posi-
live associations for milk and juice are of larger magni-
tude than the negative associations for carbonated sodas
in amy given model. We might cautiously interpret this
12 mean that when controlling for carbonated soda in-
tzke the positive elfect of milk or juice is substantial, but
when controlling for milk and juice intake, the negative
effect of sodas is modest,

Harmrack et al® acsewsed the effects of nondiet car-
bonated socda consumption in the 1994 CSFI data.
They compared mean nutrient intakes across 3 catego-
ries of soda consumption (0, 1.0-8.9, and =9.0 oz).
They found that children in the highest soda consump-
ton category consumed less milk and joice and had
lower vitamin A, vitamin C, folate, and calcium intakes
than children in the lowest soda category. Our analysis
is consistent with theirs but our analysis also guantifies
the associaton berween carbonated soda consumption
and nutrient intake across the full range of consump-
vigm. In addition, our analysis considers the simulta-
necus effects of milk, 100% juice, fruit-flavored drinks,
and carbomated sodas.

Although Hamrack et al' asserted that carbonated
sodas displaced milk and julce, our results indicate only
a modest inverss relationship tha accounted for less
than L% of the vasance in milk consumption and less
than 15% of the varlance in juice consumption. The
correlations between fruit-Navored drinks and milk or
juice were of even lower magnitnde. More important
than the magnitude of the negative association, how-
ever, is the fact that we could not infer that carbonared
sodas displaced milk or juice because we did not know
whether children had consumed more milk or juice in
the absence of carbonated sodas, Maost children drank 2
or 3 kinds of beverages on the day of recall. The ques-
tion of displacement of 1 beverage by another cannot be
addressed in a cross-sectional data set such as the
CEFIL

We were concerned with the possibility of under-
reporting intakes, especially beverages that may have been
comsumed apart from meals and thus more likely 1o be
inzdvertently forgotten.'® It is also possible thae chil-
dren or their parents might have underreported bever-
ages perceived as inappropriate, such as carbonated s0-
das, coffee and tea, or aleoholic beverages. ™ However, it
is unlikely that such underreporting would vary system-
atically with nutrient intake so we believe that our re-
sults are unbiased.

We do not have data derived from vitamin and min-
eral supplemens. The data set only indicated whether

children wok supplements regularly, occasionally, or not
at all, The frequency of supplement use did not vary across
quartiles of beverage consumption.

Given the limitations of these data, we cannot as-
seTt that carbonated sodas or fruit-flavored drinks dis-
placed milk or 100% julce in our sample. Our analysis
does demonstrate, however, a strong association be-
tween the amount of milk or 100% juice consumed on a
given day and the likelihood of achieving recom-
mended intakes of the nuirients we exarmined. We also
demonstrated a modest inverse assoclation between nu-
trient intakes and carbonated seda consumption. It is
therefore prudent o recommend that children be en-
couraged to drink milk and 100% juice rather than less
nutrient-clense beverages. A decrease of 1 glass af car-
bonated sada coupled with an increase of 1 glass of milk
of juice could have a subswnial effect on a child's daily
nutrient intake.
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